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ABSTRACT 
In India, Sale of cars is increasing day by day, where people prefer to have a personalized travel 
rather than using public transportation system. In such a scenario, there exists a competitive 
growth between various car brands and the sale of these various brands of cars are carried out by 
Car Showrooms. Hence, it is the necessity of the hour to adopt quality managerial principles to 
effectively manage a car showroom. The development of optimization techniques has been a 
boost to the sales and marketing industry. Optimization Techniques can be effectively applied to 
various activities that are being carried out by Sales Consultants on a day to day basis. Daily 
activities such as Test Drive Plan, Job Allocation, Target planning can be optimized for 
betterment. This article throws light on various optimization techniques that could be applied to 
Car Showroom and procedures to implement them have also been listed. 
Keywords: Job Allocation, Optimization techniques, Test Drive. 
1. INTRODUCTION 
Cars delight everyone, right from kids to the aged. Consumer’s longing for a comfortable 
and customized travel has forced them go for various brands of cars. It is estimated that a single 
brand, Maruti Suzuki owns nearly 50% of the Indian market share in sales [1] and the sale of cars 
for the brand is steadily increasing. 
 
Fig.1 Sales of Maruti Suzuki in India [2] 
Other brands such as Hyundai, Honda, Nissan, Skoda, Volkswagen, Renault and many 
more provide a continuous competition in the Indian market. In such a competitive environment, 
it is necessary that certain computation techniques are employed for efficiency improvement. 
Hence, optimization techniques are necessary for the betterment of the sales activities of car 
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showrooms.Sales consultants are the backbone of the showroom. It is they, who directly bridge 
between the management of the showroom and the customer. Hence the objective of all activities 
of a sales consultant is two –fold. They are, 
1. Maximize the customer satisfaction 
2. Maximize the profit to the showroom 
It can be found that both the objectives are contradictory and hence, sales consultants must 
employ certain quality policies for achieving both objectives. In a typical car showroom in India, a 
sales consultant will perform the following activities. 
1. Explain the walk-in customers about the car they want to buy. For this, Customer 
sorting technique introduced by Paul et al [1] could be employed. 
2. Test drive of the car as per customer request. 
3. Payment negotiations with the customer and follow-up with the customer till the 
delivery of the car. 
In order to perform these activities, quantitative methods of optimization is found 
applicable. In general, optimization techniques can be classified into 
1. Linear Programming Problem (LPP) [3-5] 
2. Non-linear Programming Problem (NLPP) [6-8] 
3. Dynamic Programming Problem (DPP) [9-11] 
4. Bionic Inspired Optimization  Problem (BIOP) [12,13] 
Based on the nature of the objective and constraints to be satisfied, the type of approach 
can be chosen by sales consultants. This research work throws light on using Optimization 
Techniques for the following major activities of sales consultants. 
1. Target Planning without compromising the profit 
2. Scheduling of Test Drive to minimize traveling cost and time 
3. Work Allocation to various sales consultants in a team (For Team Leaders) 
 
2. TARGET PLANNING USING LPP 
Linear Programming Problem approach can be applied to perform this activity. The major 
outcomes of this activity are: 
1. Upon performing this activity, the sales consultants will be able to provide a great 
deal of offers to the customer without sacrificing the profit set to be achieved by 
the management. 
2. The sales consultants will be able to understand the economics of operation of sales 
and shall analytically visualize the customer satisfaction. 
3. Sales consultants will be able to know the various constraints of the management 
and this will motivate the sales consultant as a better employee. 
When the constraints and the objective function are mathematically linear, then the case is 
termed as Linear Programming Problem. On applying this approach to a sales consultant activity, 
one must first convert the real time case into a mathematical form. For example, if the aim of the 
sales consultant is to maximize the sales revenue of Engine Oil Flush and Petrol Injector cleaner, 
the quantity of Engine Oil Flush to be sold shall be represented mathematically as ‘x’ and the 
quantity of Petrol Injector Cleaner shall be represented as ‘y’. If there shall be a profit of Rs.200 /- 
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per unit of Engine Oil Flush sold and Rs. 500/- per unit of Petrol Injector Cleaner, then the total 
revenue will be, 
Revenue = 200x+ 500y 
The aim of this activity is to maximize the revenue. Hence this case shall be represented as 
Maximize z = 200x + 500y. Sales consultants must be trained to mathematically formulate the 
case and must develop mathematical skills as well. The basic terminologies that are used in 
applying this technique are objective function and constraints. 
Objective Function:  The decision to be taken is mathematically termed as objective function 
For example: Maximize the cost 2x+y 
Where  x, is the quantity of Steering wheel cover sold 
            y, is the quantity of Air purifier sold 
x,y are termed as decision variables 
 
Constraints: The restriction that has to be taken into consideration is termed as 
constraint. 
For example, 
Minimize 6x+3y+5z 
Subjected to the constraints 2x+2y ≤ 5, x+y+z = 3,  x+5y+8z ≥ 5 and 
 x,y ≥ 0 (non-negativity).  
 
Optimal Solution: The values of the decision variables (eg. x,y,z) that satisfies the constraint 
equation and satisfies the non-negativity criteria as well is termed as an 
Optimal Solution. 
Example 01: The approach shall be well understood by the following example. Consider a 
real time case that a sales consultant is provided with a monthly target of selling a maximum of 15 
car accessory products. The sales consultant is provided with three products such as Dual USB 
Car Charger, Tablet Holder and Dashboard Anti-slip mat. The sales consultant will have to sell 
only from the 3 items provided. For the sales consultant, selling a unit quantity of Dual USB Car 
Charger will earn him an incentive of Rs.50 and 1 free food meal coupon provided by the 
employer whereas selling a unit quantity of Tablet Holder will earn him an incentive of Rs.40 and 
2 food meal coupons and selling a unit quantity of Dashboard Anti-slip mat will earn an incentive 
Rs.40 and 3 free food coupon points. The showroom management (employer) can contribute to a 
maximum of Rs.5000 as incentive and 15 free food coupons only. Selling a unit quantity of Dual 
USB Car charger will earn a profit of Rs.200 and selling a unit quantity of Tablet Holder will earn 
a profit of Rs.150 and selling a unit quantity of Dashboard Anti-slip mat will earn a profit of     
Rs. 300 to the showroom. The sales consultant has to maximize the profits by taking into 
considerations his incentives and food coupons also. 
Solution: This real time case will have to be first converted into mathematical form, 
Let ‘x’ be the quantity of Dual USB Car Charger to be sold,  
‘y’ be the quantity of Tablet Holder to be sold 
‘z’ be the quantity of Dashboard Anti-slip mat to be sold. 
The prime goal is to maximize the profit, Hence the objective function will be 
Maximize J(x,y,z) = 200x + 150y + 300z 
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Subjected to, 
x + y + z = 15 (Quantity of Target) 
50x + 40y + 40z ≤ 5000 (Incentive Constraint) 
x + 2y + 3z ≤ 15 (Food Coupon Constraint) 
x,y,z ≥ 0 (Non- negativity condition) 
In order to solve this Linear Programming case, several online LP Solvers are available. 
Sales Consultants may avail any one of the LP Solvers and provide these equations as input and 
shall find the optimum values. In this case, Linear Programming Online Numerical Calculator by 
comunan.com was employed. In the first step, the objective function was loaded. The coefficients 
were provided as inputs as shown in Fig.2 
 
Fig. 2 Defining Objective Function in the solver 
In the second step, various constraints were provided as further inputs as shown in Fig.3. 
The coefficients of x,y,z were provided and ‘=’ is represented as ‘0’, ‘’ represented as ‘-1’ and ‘ 
‘as ‘1’ and the solution has been calculated. 
 
Fig.3 Defining Constraints in the solver 
Fig.4 shows the solution for LP Problem. From the results, it can be inferred that x = 15 
and y = z = 0. Thus, it can be concluded that when the sales consultant targets in selling 15 
quantities of Dual USB Car Charger, he can facilitate a maximum profit of Rs.3000 to the 
showroom. Other information that can be calculated by sales consultants are 
Incentive earned = Quantity of Product sold  Incentive/qty = 15  50 = Rs.750 
Food Coupons earned = Quantity of Product sold  Food coupons/qty = 15  1 = 15 
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Fig. 4 Interpretation of solution from the solver 
Thus a sales consultant shall perform an optimization problem to maximize profits as per 
his constraints. Microsoft excel can also be employed for solving LP Problems. Sales consultants 
shall perform these activities in their smartphones. 
3. SCHEDULING OF TEST DRIVE TO MINIMIZE THE TRAVELING COSTS AND 
TIME 
Sales consultants in car showrooms will have to travel a lot. For example, if a customer at 
Ooty wants to purchase a Volkswagen Vento from Coimbatore, sales consultants will have to 
travel with the car, to give a test drive at the customer’s station. If there has to be multiple test 
drive sessions provided to customers at various locations, the sales consultant will have to 
efficiently schedule his travel route such that the traveling cost and time is minimized. For such a 
scenario dynamic programming shall be applied. 
 Dynamic Programming is an approach of optimization problem wherein a complex 
problem is split into a multi stage problem and solved. An n-stage problem can be divided to ‘n’ 
individual stage problems and solution at each stage is stored as an array and the final optimal 
solution is arrived. The major outcomes of this activity are: 
1. The sales consultant will learn to find the best route for traveling that will have the shortest 
distance thereby minimizing the traveling cost and time. 
2. The sales consultant will develop ability to schedule and plan test drive session that will 
avoid the last minute confusion. 
Example 02: On a typical day, a sales consultant working in a Coimbatore showroom has to 
provide test drive to his customers at various locations in Coimbatore City. The showroom is 
located at Nava India. The following is the distance matrix (in kms) to the various locations that 
the sales consultant has to take. Various locations are denoted by alphabets B,C,D,E,F,G,H,I 
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 B C D 
Nava India Car Showroom (A) 30 50 40 
 
 E F G 
B 80 50 70 
C 40 30 50 
D 50 20 60 
 
 
 
 
 
Fig.5 Distance matrix (in kms) between various stations 
Solution: This problem can be solved by dynamic programming. As stated earlier, the 
concept of dynamic programming focuses in splitting the problem into smaller ones. The solution 
is as follows:  
In the first step, the decision has to be taken between the last stage between H,I and J. 
Since the destination is J, there will be no options and by default H and I will lead to J. 
Table 1 Stage 04 - DPP 
 
 
 
 
 
 
 
In the second step, a decision has to be taken between sources E, F, G and H,I. The least 
minimum corresponding to each station has to be added to the original values in the next table and 
then the least distance of that corresponding table has to be calculated. 
 
 
 
 H I 
E 20 50 
F 70 40 
G 40 40 
 J 
H 40 
I 50 
 J Least Distance Decision 
H 40 40 J 
I 50 50 J 
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Table 2 Stage 03 - DPP 
 
In the third step, decisions has to be taken between B,C,D and E,F,G. The similar 
procedure adopted as in the previous step. Corresponding least distances for E,F,G are 60, 90, 80 
respectively. 
Table 3 Stage 02 - DPP 
 E F G Least Distance Decision 
B 80  + 60 = 140 50 + 90 = 140 70 + 80 = 150 140 E/F 
C 40 + 60 = 100 30 + 90  = 120 50 + 80 = 130 100 E 
D 50 + 60 = 110 20 + 90 = 110 60 + 80 = 140 110 E/F 
 
In the final step, decision has to be taken between, A and B, C, D stations. The 
corresponding least distances for B,C,D are 140,100,110 respectively. 
Table 4 Stage 01 – DPP  
 B C D Least Distance Decison 
A 30 + 140 = 170 50 + 100 = 150 40 + 110 = 
150 
150 C/D 
 
Finally interpreting the results, a network can be framed as shown in Fig.5 
 
Fig.6 Least Distance Network 
 H I Least Distance Decision 
E 20 + 40 = 60 
(40 corresponds to  least 
distance of H in previous table) 
50 + 50 = 100 
(50 corresponds to  least 
distance of I in previous table) 
60 H 
F 70 + 40 = 110 40 + 50 = 90 90 I 
G 40 + 40 = 80 40 + 50 = 90 80 H 
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From the network, three routes can be identified, 
1. A – C – E – H – J 
2. A – D – E – H – J 
3. A – D – F – I – J 
Table 5 Optimal Routes - DPP 
Route 01 Route 02 Route 03 
A – C :  50 kms A –D : 40 kms A – D: 40 kms 
C – E : 40 kms D – E: 50kms D – F: 20 kms 
E – H : 20 kms E – H: 20 kms F – I:  40 kms 
H – J : 40 kms H – J: 40 kms I – J: 50 kms 
Total : 150 kms Total: 150 kms Total: 150 kms 
Hence it is evident that the least distance to reach J is 150 kilometers in all the cases. 
Hence the sales consultant shall choose any one of the routes and shall plan his test drive 
accordingly. Despite Google Navigation systems being available to calculate distance, this 
dynamic programming technique seems to give the sales consultant a schedule and sequence of 
events, which Google Navigation systems may not provide. 
4. WORK ALLOCATION TO VARIOUS SALES CONSULTANTS USING LPP 
Any Car Showroom will have more than one sales team. The sales team may be allocated 
based on telephonic enquiry customer or based on walk-in showroom customer. Any sales team 
will have a Team Leader (TL), reporting to him, will be many sales consultants. Monthly sales 
targets will be provided to the team and it is the TL who will guide his sales consultants and 
allocate various jobs to them. For job allocation, LPP can be applied. By converting the real time 
case into a matrix form, TL can apply LPP for such case. The various outcomes of this activity 
are: 
1. TL will gain knowledge about the allocation of the appropriate job to the appropriate 
person such that the operation time will get reduced. 
2. TL will learn more about his team’s efficiency and will gain knowledge about job 
scheduling. 
Example 03: On a typical day, a sales team in a Car Showroom at Thiruvananthapuram 
has five test drives pending. The five customers are located at Palayam, Bakery Junction, Poovar, 
Kovalam Beach, Kazhakootam. There are 5 sales consultants available in the team. Predicted time 
of completion (in minutes) for each sales consultant (if the job is provided) is tabulated. The TL 
has to allocate suitable test drives to appropriate sales consultants. 
Paul Gregory et al. / International Research Journal of Automotive Technology 2018; 1(6): 128-142 
Table 6 Time Matrix (in minutes) for Allocation Problem 
 Predicted Time of Completion in minutes 
1 2 3 4 5 
Test Drive at Palayam (A) 40 50 60 35 45 
Test Drive at Bakery Junction (B) 110 100 85 90 120 
Test Drive at Poovar (C) 50 60 45 40 35 
Test Drive at Kovalam Beach (D) 75 70 80 90 85 
Test Drive at Kazhakootam (E) 20 10 15 25 30 
 
Solution: This case can be performed either using Online Solvers or manually. One can 
allocate sales consultants to appropriate jobs by providing the time matrix as inputs. In this case, 
Online solver introduced by HungarianAlgorithm.com has been used.  In the first step, the time 
matrix is loaded into the solver. 
 
Fig. 7 Input Data to Online Solver 
In the second step, the solution is computed. Interpretation of results from the solution is 
very important as where the sales consultant has to be allocated. From the solution shown by the 
solver as shown in Fig.8, the values indicated by blue color are the optimal allocations. Hence 
from the solution, the allocations can be inferred as shown in Table 7 
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Fig. 8 Optimal Solution for Allocation Problem through Online Solver 
 
Table 7 Optimal Allocation of Sales Consultants 
 Allotted Sales 
Consultant 
Time (minutes) 
Test Drive at Palayam (A) 4 35 
Test Drive at Bakery Junction (B) 3 85 
Test Drive at Poovar (C) 5 35 
Test Drive at Kovalam Beach (D) 1 75 
Test Drive at Kazhakootam (E) 2 10 
Total Processing Time 240 minutes 
 
Thus the allocation can be performed using solvers. The same can be performed manually 
using Manual Hungarian Algorithm. In the first step, the row minimum is calculated from the time 
matrix. In the second step, a row reduction is performed in the matrix. i.e each cell is subtracted 
from the row minimum. 
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Table 8 Estimation of Row Minimum 
 1 2 3 4 5 Row Minimum 
A 40 50 60 35 45 35 
B 110 100 85 90 120 85 
C 50 60 45 40 35 35 
D 75 70 80 90 85 70 
E 20 10 15 25 30 10 
 
Table 9 Row Reduction Matrix 
 1 2 3 4 5 
A 5 15 25 0 10 
B 25 15 0 5 35 
C 15 25 10 5 0 
D 5 0 10 20 15 
E 10 0 5 15 20 
 
In the third step, the column minimum is computed and a column reduction is performed 
with the obtained matrix 
Table 10 Estimation of Column Minimum 
 1 2 3 4 5 
A 5 15 25 0 10 
B 25 15 0 5 35 
C 15 25 10 5 0 
D 5 0 10 20 15 
E 10 0 5 15 20 
Column Minimum 5 0 0 0 0 
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In the fourth step, column reduction is carried out, i.e each cell is subtracted from the 
column minimum. In the fifth step, row scanning has to be performed. i.e., each row has to be 
scanned for zeros. If a row contains more than one zero, then the row has to be skipped. If the row 
contains only one zero, then the zero should be marked and the corresponding column should be 
eliminated and after which column scanning has to be performed i.e., each column has to be 
scanned for zeros. If a column contains more than one zero, then the column has to be skipped. If 
the column contains only one zero, then the zero should be marked and the corresponding row 
should be eliminated. 
Table 11 Estimation of Column Reduction 
 1 2 3 4 5 
A 0 15 25 0 10 
B 20 15 0 5 35 
C 10 25 10 5 0 
D 0 0 10 20 15 
E 5 0 5 15 20 
Table 12 Row Scanning 
 1 2 3 4 5 
A 0 15 25 0 10 
B 20 15 0 5 35 
C 10 25 10 5 0 
D 0 0 10 20 15 
E 5 0 5 15 20 
Table 13 Column Scanning 
 1 2 3 4 5 
A 0 15 25 04 10 
B 20 15 01 5 35 
C 10 25 10 5 02 
D 0 0 10 20 15 
E 5 03 5 15 20 
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In Table 13, all zeros have not been eliminated. Hence, if all zeros have not been 
eliminated, row and column scanning has to be performed again. Hence a row scanning has been 
performed with the matrix obtain in Table 13 and the zero entry at cell D1 has been eliminated. As 
the zero has been eliminated, further column scanning can be skipped and optimality condition 
can be checked. 
Table 14 Final – Row Scanning 
 1 2 3 4 5 
A 0 15 25 04 10 
B 20 15 01 5 35 
C 10 25 10 5 02 
D 05 0 10 20 15 
E 5 03 5 15 20 
 
For Hungarian approach, optimal solution will be reached only when, 
Number of marked zeros = Number of Rows in the matrix (Optimality Condition) 
In this case, the number of marked zeros is 5 and number of rows are 5. The optimality 
condition is satisfied and hence final interpretation of the solution can be done. In the final step, 
the time corresponding to the marked zeros is highlighted and the optimal table is obtained. This 
is the optimal solution that the online solver has also inferred (Refer Fig. 8). Similar interpretation 
shall be made and here the optimal time is found to be 240 minutes 
Table 15 Optimal Allocation Table 
 1 2 3 4 5 
A 40 50 60 35 45 
B 110 100 85 90 120 
C 50 60 45 40 35 
D 75 70 80 90 85 
E 20 10 15 25 30 
 
If in a case, the number of zeros and number of rows are not equal even after further row and 
column scanning, then the following procedure has to be adopted: 
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Step 1. Find the minimum of the unallocated value in the matrix. 
Step 2. Subtract that value from all unallocated cell values. 
Step 3. Add that value to all row – column intersection cell values 
Step 4. Perform row and column scanning and repeat until the number of rows and marked 
zeros are equal. 
Thus, a TL can schedule the events and allocate appropriate sales consultants to achieve 
managerial excellence. 
5. CONCLUSION  
Sales consultants in car showrooms are vibrant professionals and applying such 
optimization techniques will improve their performance. This technique will also improve their 
analytical skills through which the sales of the showroom will bloom. It is recommended that car 
showroom should invest in training their sales consultants for betterment in such managerial 
skills. This article is dedicated to all Sales Consultants working in various car showrooms across 
India. 
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